Cogswell, J. J., Hatch, D. J., Kerr, A. A., and Taylor, B. (1975) . Archives of Disease in Childhood, 50, 799. Effects of continuous positive airway pressure on lung mechanics of babies after operation for congenital heart disease. The effect of continuous positive airway pressure (CPAP) on lung mechanics was investigated in 12 babies after operation for severe congenital heart disease. At the time of study all babies were receiving or being weaned from ventilatory support and had abnormally low lung volume or compliance. During CPAP there was a fall in the pulmonary resistance which, with a slight decrease in minute ventilation, resulted in a significant decrease in the work of breathing. It is suggested that lowering the oxygen cost of breathing may contribute to the improvement in arterial oxygenation seen when CPAP is used.
Continuous positive airway pressure (CPAP) is being increasingly used in the management of babies with a variety of respiratory and cardiac disorders (Gregory et al., 1971; Stewart et al., 1973) . The technique is being used as an alternative to intermittent positive pressure ventilation in the support of babies after heart surgery (Stewart et al., 1973) and it has been shown that the greatest improvement in arterial oxygenation occurs in those babies in whom lung compliance is low (Hatch et al., 1973) .
There are few reports on the changes in lung mechanics during the application of CPAP to babies in respiratory failure. Gregory and others reported no consistent change in dynamic compliance during the application of CPAP to babies with the idiopathic respiratory distress syndrome (RDS) (Gregory et al., 1971) , but Bancalari and others reported a fall in dynamic compliance during continuous negative pressure (Bancalari, Garcia, and Jesse, 1973 occurring during the application of CPAP to a group of babies with serious pulmonary dysfunction after palliative or corrective cardiac surgery.
Materials and methods Fourteen studies of lung mechanics were made in 12 babies with congenital heart disease. Clinical details of the babies are given in Table I . Four babies were studied within 4 days of operation, and were being satisfactorily weaned from their postoperative ventilatory support. The remaining 8 babies had required postoperative ventilation for longer than normal because of their cardiorespiratory state, and were still receiving ventilatory support for some part of each day. Operation was palliative in 3 babies and corrective in 9. The study was approved by the ethical committee of the hospital.
Before each study the babies were sedated with chloral hydrate 50-100 mg/kg. Mechacal ventilation was temporarily discontinued to allow -Wsurements of lung mechanics to be made during spontaneous breathing, and no measurements were made until a steady state had been obtained. The continuous positive airway pressure was applied by a system previously described (Hatch et al., 1973) . Observations of the lung mechanics were made initially when the airway pressure was atmospheric, then during varying levels of CPAP, and finally at atmospheric pressure again.
Measurements of lung mechanics were determined by established techniques (Cook et al., 1957; Karlberg (1957) . Work (g cm/min) = 0 6 x PmaX x minute volume, where Pmax equals the total oesophageal pressure swing in cmH2O during the respiratory cycle.
The thoracic gas volume (TGV) of each baby was determined before each study of the lung mechanics. A specially designed infant plethysmograph was used for these measurements after the technique described by DuBois et al. (1956) . Specific compliance (Csp) was calculated using the formula:
Cdyn Csp --ml/cmH2O per ml.
TGV Results
Results of the thoracic gas volume (TGV), dynamic compliance, and specific compliance are shown in Table II . In 9 out of 12 studies in which data are complete, specific compliance was reduced (at or below the mean less 2 SD for normal babies) (Phelan and Williams, 1969) ; the lowest values being found in those babies who had had (CPAP=0 cmH, 0) at the end of the study.
The mean changes from the initial levels of the dynamic measurements during CPAP are shown in Table IV . Respiratory rate fell in 11 of the 14 studies, but the overall change was not significant. Although there was no consistent change in tidal volume there was a reduction in minute ventilation at the higher level of CPAP.
There was a fall in maximal oesophageal pressure swing and pulmonary resistance during CPAP. These changes, together with the fall in minute ventilation, resulted in a significant drop in the work of breathing. Mean dynamic compliance remained unaltered.
Stopping CPAP was often poorly tolerated by the baby, causing considerable restlessness. In these cases the baby was returned to the ventilator and the final measurements at atmospheric pressure were not obtained. There was, however, a tendency for the pulmonary resistance and work of breathing to rise again in the 6 babies in whom the final value was obtained. The 'overshoot' in the work of breathing seen in Cases 1, 3, and 5 was presumed to be due to hyperventilation.
Discussion
We have described the changes in lung mechanics during CPAP in a group of babies with abnormal lung function after surgery for congenital heart disease. All had either low pulmonary compliance or low TGV or both before CPAP was applied. In 11 of the 14 studies there was a decrease in the work of breathing during CPAP. In 10 of these there was a decrease in the maximal oesophageal pressure swing during the breathing cycle.
Three components are important in assessment of the work of breathing: the volume of air shifted per unit time (the minute ventilation), the lung compliance, and the pulmonary resistance. The latter two are reflected in the oesophageal pressure swings. Of these three factors, pulmonary resistance showed a significant fall during CPAP in all but 2 infants. This was the main factor contributing to the overall decrease in work. We think this reflects an increase in functional residual capacity. Using the rubber respiratory jacket (Milner, 1970) we have shown such an increase in the end tidal point during CPAP (Hatch, 1974) (Fig.) . It was impossible to measure the TGV directly with the whole body plethysmograph during CPAP.
Numerous studies have shown that resistance is dependent on lung volume, decreasing as volume increases (DuBois, 1964 grounds that the fall in resistance is most easily explained by a rise in lung volume.
We have also shown a decrease in the minute ventilation, which became significant at higher applied airway pressure. Breathing frequency and tidal volume both tended to fall but these changes were not significant. Breathing frequency fell immediately CPAP was applied and rose immediately it was stopped, suggesting a reflex mechanism.
We did not show a consistent change in dynamic compliance with CPAP in this study . Gregory et al. (1971) also found variable changes in compliance in newborn infants with idiopathic respiratory distress syndrome (RDS). In contrast, (Pao,) . This was first shown in RDS of the newborn by Gregory et al. (1971) and later after cardiopulmonary bypass in infancy (Stewart et al., 1973; Crew et al., 1974) . We have previously shown that the greatest increase in arterial oxygenation is seen in infants with stiff lungs (Hatch et al., 1973) . It has been suggested that the main mechanism whereby improved oxygenation occurs with CPAP is an improvement of ventilation: perfusion ratio and a lowering of the physiological dead space. The fact that the arterial CO2 tension does not increase in spite of a reduction in minute ventilation (Gregory et al., 1971) 
